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(54) Method of manufacturing porous metal sheet and metal sheet manufactured by this method 



(57) Metal powders (P) are spread on a feeding belt 
(2) or a supporting sheet which is continuously fed. 
Then, the feeding belt or the supporting sheet on which 
the metal powders have been spread is passed 
between a pair of rolling rollers (150) to roll them at a 
required strength of pressure to leave fine gaps 
between the metal powders adjacent to each other. 
Thereafter, a resulting metal sheet (10) is passed 
through a sintering oven (4) to integrate the metal pow- 

Fig.1 



ders to each other so as to form a porous metal sheet 
having fine pores consisting of the gaps. It is possible to 
spread the metal powders on the rolling roller directly or 
to use a mixture of sublimable fine fragments and metal 
powders. Further, it is possible to form a solid metal 
sheet, namely, a metal sheet having no pores formed 
thereon, by setting the strength of pressure of the rolling 
roller to a high value. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manu- 
facturing a metal sheet which is preferably used as an 
electrode substrate of a battery and the metal sheet 
manufactured by the manufacturing method. More par- 
ticularly, the present invention relates to a porous sheet 
formed of metal powders so that an active substance is 
filled into pores thereof. The porous sheet is preferably 
used as the electrode substrate of a nickel hydrogen 
battery, a nickel cadmium battery, a lithium primary bat- 
tery, a lithium secondary battery, an alkaline dry cell, a 
fuel cell; and an electrode plate of various batteries, for 
example a battery for vehicles. 

2. Description of the Related Art 

As the porous metal sheets which are used as elec- 
trode substrates of batteries, the present applicant pro- 
posed various kinds of metal sheets formed by making 
a porous base plate such as a foamed material, a non- 
woven sheet, a mesh material or a laminated sheet 
comprising two or more thereof electrically conductive 
and then electroplating them. 

In manufacturing the porous metal sheets by the 
method, before electroplating the base plate such as 
the foamed material, the nonwoven sheet, the mesh 
material or the laminated sheet thereof, it is necessary 
to make them electrically conductive by a method 
selected from evaporating method, chemical plating 
method or carbon application method, which takes time 
and labor and costly. It is also necessary to burn the 
base plate to remove resinous materials after electro- 
plating it and sinter the metal sheet. As a result, burnt- 
off portions of a resulting metal sheet are vented. An 
active substance cannot be filled thereinto. 

In view of the problems, the present applicant pro- 
posed many methods of manufacturing porous metal 
sheets of metal powders. 

In any of the above-described methods, using 
adhesive agent, fine metal powders are applied to entire 
surfaces including the inner surface of pores of the 
porous base plate so as to form an electrically conduc- 
tive metal layer thereon. Then, the resinous material is 
removed and the fine metal powders are sintered to 
form metal sheets. 

In the above<Jescribed conventional methods of 
manufacturing the porous metal sheet of fine metal 
powders, the fine metal powders are applied to the sur- 
face of the porous base plate. Thus, the size and shape 
of the pore of the porous metal sheet is restricted by the 
size and shape of the pore of the porous base plate. 
Thus it is difficult to form a pore smaller or greater than 
the pore of the porous base plate on the porous metal 



sheet and a pore whose shape is different from that of 
the pore of the porous base plate. 

As one of the conditions required for a metal sheet 
to serve as the substrate of the electrode plate, it is nec- 

s essary that the metal sheet is thin to accommodate a 
large amount of an active substance so as to improve 
the performance of a battery. But in the above- 
described conventional methods of manufacturing the 
porous metal sheet of fine metal powders, the thickness 

10 of the porous metal sheet is restricted by the thickness 
of the porous base plate. Hence it is difficult to manufac- 
ture the porous metal sheet having a thickness 1mm or 
less. 

Further, adhesive agent is used in the above- 

15 described conventional methods. That is, fine metal 
powders are applied to the porous base plate by mixing 
them with the adhesive agent or after the adhesive 
agent is applied thereto. Thus when the adhesive agent 
is burnt off, together with the porous base plate in the 

20 removal of the resinous material and the sintering of the 
fine metal powders, large gaps are present between the 
fine metal powders adjacent to one another because 
the adhesive agent has been present therebetween. As 
such, it is difficult to control the shape and size of the 

25 pore. In addition, the conventional methods have a dis- 
advantage that the porous metal sheet is formed in a 
large number of processes because the methods 
require the use of the adhesive agent. 

Further, a solid metal foil is hitherto used as the 

30 substrate of the positive and negative electrodes of a 
lithium secondary battery. In this case, lithium ions are 
incapable of moving from the front surface of the elec- 
trode substrate to the rear surface thereof and vice 
versa. Therefore, in order to obtain a possible most uni- 

35 form and thinnest active substance layer, the active sub- 
stance is required to be applied to each surface of the 
substrate. In addition, because the surface of the elec- 
trode substrate is smooth, the active substance is liable 
to be separated from the electrode substrate. 

40 in porous metal sheet whose shape is punching 
shape, lath-shape, mesh-shape, foamed material- 
shape, nonwoven sheet-shape and so on, lithium ions 
are capable of moving from the front surface of the elec- 
trode substrate to the rear surface thereof and vice 

45 versa, the thickness of the active substance can be con- 
trolled at both the front and rear surfaces of the elec- 
trode substrate by the porous metal sheet. Thus, 
research and development are being made to use such 
porous metal sheets as the electrode substrate of the 

50 lithium secondary battery. But the size of the solid por- 
tion of the porous metal sheet and the size of the pore 
thereof are not uniform. Therefore, the lithium ions are 
incapable of moving uniformly and sufficiently. Although 
it is preferable that the porous metal sheet has a large 

55 number of fine pores thereon to allow the lithium ions to 
move smoothly, the conventional porous metal sheet 
which satisfies such a demand has not been provided. 
The electrode substrate of the lithium secondary 
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battery is required to have a thickness of 10^m - 30|im. 
But as described above, it is difficult for the conventional 
art to manufacture a conventional metal sheet having a 
thickness 1mm or less. That is, it is impossile to manu- 
facture a metal sheet whose thickness is as small as a 5 
thin foil. 

In recent years, portable equipment such as a video 
camera, a liquid crystal compact television, a CD player, 
and the like requiring high current have come into wide 
use. Thus, there is a growing demand for the develop- 
ment of a battery having a great discharge capacity and 
superior in discharge characteristic in a high load- 
applied state. In the conventional alkaline dry cell hav- 
ing a separator, pellets made from a positive electrode 
mixture are filled outside the separator and gel pow- 
dered zinc is filled inside the separator. As such, it is 
very difficult for the alkaline dry cell to have a great dis- 
charge capacity and have an improved discharge char- 
acteristic in a high load-applied state because the 
battery can has a limited space. 

In order to solve the problem, researches are made 
on an alkaline dry cell whose negative electrode plate 
consists of a punching or expanding solid zinc foil or 
zinc foil and positive electrode plate consists of metal 
oxide. The negative electrode plate and the positive 
electrode plate are spirally coiled with a separator inter- 
posed to increase the area of the negative electrode 
plate and the positive electrode plate and the discharge 
capacity of the battery, and improve the discharge per- 
formance thereof in a high load-applied state. But the 
punching or expanding zinc foil has a problem that the 
open area ratio thereof is about 50% or less because 
pores are two-dimensional; pore-forming is carried out 
and thus a pore-formed portion is cut off and hence left 
parts of material are much; processing and material 
costs become high as the thickness of the zinc foil is 
increasingly thin; and strain and burr are liable to appear 
in the pore-forming process. Further, the solid zinc foil 
and the conventional porous metal sheet have problems 
similar to those of the lithium secondary battery. 

Further, conventionally, the electrode of alkali sec- 
ondary batteries such as the nickel hydrogen battery 
and the nickel cadmium battery is formed as follows; 
paste-like slurry of an active substance formed by mix- 
ing an active substance such as hydrogen-storing alloy 
powders or nickel hydroxide powders and electrically 
conductive agent comprising carbon, a binder and soon 
is applied to a collector such as punching metal, metal 
mesh, expanded metal. But the binder prevetns flow of 
electric current, thus making the electricity-collecting 
property in the thickness direction of the electrode 
worse. 

SUMMARY OF THE INVENTION 

The present invention has been developed to solve 
the problems and to improve a manufacturing method of 
a metal sheet made from metal powders. Accordingly, it 



is an object of the present invention to provide a metal 
sheet-manufacturing method capable of controlling the 
thickness thereof, the size of pores and the shape 
thereof as desired and eliminating the use of adhesive 
agent so as to manufacture the metal sheet in a simple 
process; and the metal sheet which is manufactured by 
the method. 

It is another object of the present invention to pro- 
vide an electrode which comprises a metal sheet into 
which a binder-unadded active substance consisting of 
powders can be charged and is superior in electricity- 
collecting performance. 

In order to solve the problems there is provided a 
method of manufacturing a metal sheet comprising the 
steps of spreading metal powders on a feeding belt 
which is continuously fed; passing the feeding belt on 
which the metal powders have been spread through a 
pair of rolling rollers for controlling an area of contact 
between the metal powders adjacent to each other by 
rolling the metal powders on the feeding belt at a 
required pressure; and passing the metal powders 
through a sintering oven to fuse contact portions of the 
metal powders together after the rolling. 

The feeding belt comprises a solid metal sheet, an 
inorganic sheet including a porous metal sheet or a lam- 
inated sheet composed of the solid metal sheet and the 
inorganic sheet including a porous metal sheet of a cir- 
culating driving device of belt conveyor type. For exam- 
ple, the feeding belt is SUS (31 OS). Metal powders 
spread on the feeding belt can be separated therefrom 
by sintering them to form into a sheet That is, the metal 
powders can be formed into a metal sheet continuously 
with high efficiency by passing the feeding belt being 
continuously fed through the sintering oven. 

As described above, because the metal powders 
are spread on the feeding belt and the feeding belt is 
passed between a pair of the roiling rollers to roll the 
metal powders at a required pressure. As a result, the 
spread metal powders are integrated with each other to 
form a metal sheet. Then, it is passed through the sin- 
tering oven as it stands and heated at a required tem- 
perature. Consequently, connected portions of the 
metal powders are fused together. As such, the metal 
sheet can be continuously formed. 

The pressing force of the rolling roller is set to a 
small one to leave fine gaps between adjacent metal 
powders rolled by the rolling roller and the metal sheet 
works as a porous sheet by utilizing the fine gaps as 
pores. 

That is, when the pressing force of the rolling roller 
is set to a small one, gaps can be left between the metal 
powders adjacent to each other to allow the porous 
metal sheet to have an innumerable number of fine 
gaps between the metal powders adjacent to each 
other. When the pressing force of the rolling roller is set 
to a large one, it is possible to obtain a solid metal 
sheet, namely, a metal sheet having no pores formed 
thereon. 
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The size of pores depends on the size of metal 
powders. That is, large pore is formed when the diame- 
ter of the metal powder is large, whereas a small pore is 
formed when the diameter of the metal powders is 
small. The metal powders having a diameter in the 
range of 0.1 ^m - 100^m can be preferably used. 

Metals which can be used as the material of the 
metal sheet are not limited to a specific kind. The follow- 
ing substances can be preferably used: Ni, Cu, Al, Ag, 
Fe, Zn, In, Ti, Pb, V, Cr, Co. Sn, Au, Sb, C. Ca, Mo, P, W, 
Rh, Mn, B, Si, Ge, Se, La. Ga, and Ir. Each metal 
described aboves is used in the form of oxide and 
sulfide thereof and a substance or a mixture, including 
compounds of these metals. That is, Al, Ti, V, and the 
like which cannot be used in electroplating can be used. 
It is possible to use one kind of metal selected from 
these metals in the form of powders or a mixture of a 
plurality of these metals in the form of metal powders. It 
is desirable that metal powders of these metals do not 
interwine with one another and are dispersed favorably. 
That is, peripheral surfaces of the metal powders are 
desired not to be convex or concave so that they do not 
intertwine one another. Thus, it is preferable that the 
metal powders are spherical, dice-shape, square pillar, 
and columnar. 

There is provided a method of manufacturing a 
metal sheet comprising the steps of feeding a support- 
ing sheet continuously; spreading metal powders on the 
supporting sheet; feeding the supporting sheet on 
which the metal powders have been spread to a feeding 
belt; passing the supporting sheet between a pair of roll- 
ing rollers, together with the feeding belt; controlling an 
area of contact between the metal powders adjacent to 
each other by rolling the metal powders on the support- 
ing sheet at a required pressure; and passing the metal 
powders through a sintering oven to fuse contact por- 
tions of the metal powders together after the rolling. 

Similarly to the above method, a metal sheet can be 
obtained by spreading metal powders on the supporting 
sheet; passing the supporting sheet between a pair of 
the rolling rollers, with the supporting sheet placed on 
the feeding belt Further, owing to the use of the sup- 
porting sheet, the resulting metal sheet can be sepa- 
rated from the supporting sheet more easily compared 
to the metal sheet formed on the feeding belt by directly 
spreading metal powders thereon. 

There is preferably provided, the supporting sheet 
comprises an organic sheet including a solid resinous 
sheet, a three-dimensional reticulate resinous sheet 
and a porous fibrous resinous sheet, an inorganic sheet 
including a solid metal sheet and a porous metal sheet 
or a laminated sheet composed of a plurality of the 
sheets selected from the sheets. 

Because a porous sheet consisting of a three- 
dimensional reticulate sheet or a porous fibrous sheet is 
used as the supporting sheet or the feeding belt, metal 
powders spread thereon drop from pores of the feeding 
belt or those of the supporting sheet. Consequently. 



portions corresponding to the pores thereof are formed 
as through-holes of the resulting metal sheet. The 
through-holes are larger than pores consisting of small 
gaps present between the metal powders adjacent to 
5 each other. As such, the metal sheet has the fine pores 
and the relatively large through-holes. Metal powders 
which have dropped from the pores of the feeding belt 
or those of the supporting sheet are collected to recycle 
them. 

10 When a porous sheet is used as the feeding belt 
and the supporting sheet, pores of the porous sheet are 
circular, rhombic, polygonal or elliptic. By forming the 
pores having desired configurations on the feeding belt 
or the supporting sheet, a resulting porous metal sheet 

is has pores whose configuration corresponds to that of 
the pores. For example, if the pores are circular, the 
formed sheet has punching hole-shape pores. If the 
pores are rhombic, the formed metal sheet is lath- 
shape. 

20 There is porvided, sublimable fine fragments which 
are burnt off by heating are mixed with the metal pow- 
ders or spread on the feeding belt or the supporting 
sheet before the metal powders are spread thereon; a 
mixture of the metal powders and the sublimable fine 

25 fragments spread on the feeding belt or the supporting 
sheet is rolled by the rolling roller; and after the rolling 
the sublimable fine fragments are burnt off in a resinous 
material-removing oven so that the metal sheet has 
pores which are formed in a portion where the sublima- 

30 ble fine fragments are burnt off. 

In a case where some agent such as foaming agent 
which is decomposed to generate gas when it is heated 
is used as the sublimable fine fragments, a resulting 
porous metal sheet has through-holes formed by the 

35 generated gas. Further, the size of the through-holes 
can be controlled according to the diameter of particles 
of the sublimable fine fragments. 

The supporting sheet is burnt off in the resinous 
material-removing oven. That is. the supporting sheet 

40 consisting of a resinous material is burnt off in the resin- 
ous material-removing oven. 

When the supporting sheet consists of an inorganic 
sheet such as a metal sheet, there are two cases: In 
one case, it is not removed by heating but separated 

45 from a resulting metal sheet when it is discharged from 
the sintering oven, whereas in the other case, it is fed 
downstream, together with the metal sheet and wound 
as a coil. That is, the supporting sheet formed of a thin 
metal plate can be fed at a high speed and thus a high 

so productivity can be obtained. 

Further, the supporting sheet and the metal sheet 
formed of the metal powders may be laminated one on 
the other to manufacture a metal sheet having a lami- 
nated structure without burning it off in the resinous 

55 material-removing oven. Using various kinds of support- 
ing sheets selectively, it is possible to manufacture 
metal sheets of various forms by laminating the desired 
supporting sheet and the metal sheet one on the other. 
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That is, the metal sheet include a solid metal plate 
or a solid metal foil; a metal sheet having a large 
number of pores formed thereon or a metal foil having a 
large number of pores formed thereon; a metal mesh; a 
metal screen; or/and a metal sheet plated three-dimen- 5 
sional reticulate foamed material, a porous fibrous res- 
inous material, a mesh material or a laminate sheet of 
these materials at above-mentioned with a metal or 
evaporated a metal thereon, applied fine metal particles 
thereto or sprayed a metal thereto, and then removed 
resinous materials and sintered; a metal sheet formed 
of metal fibers; a metal sheet made of metal powders 
rolled by a pair of rolling rollers, at least one of which 
serves as a pattern roller; or a laminate sheet compris- 
ing these materials laminated one upon another and 
integrated with each other. 

It is possible to laminate any one of the following 
metal materials on the upper and lower surfaces of the 
metal sheet manufactured by any one of the above- 
described methods of the present invention: The metal 
sheet manufactured by any one of the above-described 
methods of the present invention; a metal sheet or a 
metal foil having a large number of pores formed ther- 
eon; a metal mesh; a metal screen; a three-dimensional 
reticulate metal sheet or a nonwoven cloth-shaped 
metal sheet. In this case, the size of pores of the metal 
sheets positioned on one surface of the laminate sheet 
and the other surface thereof may be different from 
each other, and the open area ratio or/and the diameter 
of fiber of the porous metal sheet on one surface of the 
laminate sheet and the other surface thereof may be dif- 
ferent from each other. 

There is provided a method of manufacturing a 
metal sheet comprising the steps of spreading metal 
powders on a surface of a pair of rolling rollers rotating 
continuously; passing the metal powders between the 
rolling rollers for controlling an area of contact between 
the metal powders adjacent to each other by rolling the 
metal powders at a required pressure so as to form a 
metal sheet; and passing the metal sheet through a sin- 
tering oven to sinter the metal sheet. 

That is, instead of rolling metal powders spread on 
the feeding belt or the supporting sheet by means of the 
rolling roller, the metal powders spread directly on the 
surface of the rolling roller are rolled at a required pres- 
sure by the rotation thereof at their contact portion to 
form a metal sheet. In this method, because the metal 
powders are fed out from the rolling roller in the form of 
a metal sheet, it is possible to move the metal sheet to 
a sintering oven without placing the metal sheet on the 
feeding belt or the supporting sheet. But in order to 
enhance productivity by increasing the pulling speed of 
the metal sheet, it is preferable to pass the metal sheet 
fed out from the rolling roller through the sintering oven, 
with the metal sheet placed on the feeding belt. 

The pressing force of a pair of the rolling rollers is 
set to a small one to leave fine gaps between adjacent 
metal powders rolled by the rolling rollers and the metal 
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sheet works as a porous sheet by utilizing the fine gaps 
as pores. That is, by adjusting the strength of the pres- 
sure of the rolling roller, it is possible to form a porous 
sheet having fine pores formed thereon or a solid sheet. 

Sublimable fine fragments and the metal powders 
are spread on the surface of a pair of the rolling rollers; 
a mixture of the metal powders and the sublimable fine 
fragmetns are rolled by the rolling rollers to form the 
mixture into a metal sheet; and the metal sheet is 
passed through a resinous material-removing/metal 
powder-sintering oven to burn off the sublimable fine 
fragmetns and works as a porous sheet having pores 
which are formed in a portion where the sublimable fine 
fragments are burnt off. 

By mixing the sublimable fine fragments and the 
metal powders with each other, it is possible to form a 
porous metal sheet having comparatively large pores 
according to the size of particles of the sublimable fine 
fragments and fine pores consisting of gaps formed 
between metal powders adjacent to each other. 

Further, after a porous metal sheet having the fine 
pores formed thereon is obtained by the rolling rollers, it 
is fed to the sintering oven, together with the supporting 
sheet consisting of the porous metal sheet, with the 
porous metal sheet placed on the supporting sheet. 
This method allows a one-piece porous metal sheet 
comprising porous metal sheets of various forms lami- 
nated one on the other. 

A surface of at least one of the rolling rollers on 
which the metal powders are spread is stepped at a 
position between a center and both edges thereof in its 
axial direction so that the metal powders are collected in 
a stepped center region thereof and pressed at a 
required pressure by the rolling rollers. 

In a first example, a concave is formed in the center 
of one roller of a pair of rolling rollers in its axial direc- 
tion, whereas the surface of the other roller is flat. In this 
construction, metal powders are collected in the con- 
cave of one roller; and metal powders spread on a con- 
vex formed at both sides of one roller are removed from 
the surface of one roller by sucking and the like. The 
metal powders collected in the concave are rolled by the 
flat rolling roller at a required pressure. In a second 
example, a concave is formed in the center of one roller 
of a pair of rolling rollers in its axial direction, and a con- 
vex which is inserted into the concave is formed in the 
center of the other roller in its axial direction. In this con- 
struction, metal powders collected in the concave are 
rolled by the convex of the other roller. 

In a third example, a convex is formed in the center 
of the surface of one roller of a pair of rolling rollers in its 
axial direction, and the other roller is flat. In this con- 
struction, metal powders spread on the surface of the 
convex are rolled by the flat roller. In a fourth example, 
metal powders spread on the surface of a convex 
formed in the center of one roller of a pair of rolling roll- 
ers in its axial direction are rolled, with the convex fitted 
in a concave formed in the center of the other roller in its 
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axial direction. 

In the above four examples, after a metal sheet is 
passed through the sintering oven, the metal sheet is 
passed through a cooling oven subsequently to the sin- 
tering oven. The rolling, the sintering, and the cooling 
may be repeated at a plurality of times. That is, it is pos- 
sible to use the metal sheet formed by sintering metal 
powders as an electrode substrate. When the porous 
metal sheet does not have a desired strength, it is pref- 
erable to roll the obtained metal sheet again to increase 
the area of connection portions of metal powders adja- 
cent to each other and the number of the connection 
portions thereof. If a great force is applied to the metal 
powders at a time, the resulting metal sheet may be 
meandered or cracked. Therefore, it is preferable to roll 
the metal powders at a low strength of pressure at a plu- 
rality of times. 

The cooled metal sheet is separated from the feed- 
ing belt or the supporting sheet. When the supporting 
sheet consists of a metal sheet, it is possible to laminate 
it on a metal sheet manufactured to obtain a one-piece 
metal sheet, as described previously without separating 
it from the feeding belt or the supporting sheet. 

Metal powders may be spread again on a surface of 
a metal sheet which is formed by the sintering, rolled, 
and a resulting metal sheet may be sintered. In this 
method, the thickness of the metal sheet can be 
increased to a desired one to enhance the tensile 
strength thereof. 

There is provided a method of manufacturing a 
metal sheet, wherein pins are pierced into a metal sheet 
manufactured by a method at above-mentioned to form 
pores with burrs. According to the method, it is prefera- 
ble that while the metal sheet is being fed, the metal 
sheet is passed between a pair of pins-provided rollers 
to form the pores with burrs. 

It is possible that after the metal sheet is formed by 
the method at above mentioned, the metal sheet is 
wound as a coil and then, the pores with burrs are 
formed with the pins while it is being unwound from the 
coil or the pores with burrs are formed with the pins 
without winding it as a coil. 

It is also possible to move pins-projected press 
plate toward the metal sheet being fed and away there- 
from to form the pores with burrs (namely, burrs are 
formed around pores formed by pins). The force of hold- 
ing the active substance can be increased by forming 
the pores with burrs. 

There is provided a metal sheet manufactured by 
the method at above mentioned. 

The metal sheet formed by using the sublimable 
fine fragments or/and a porous sheet as the feeding belt 
and the supporting sheet is punching shape, reticulates 
shape, honeycomb-shape, lath-shape, lattice-shape, 
expanded sheet-shape, screen-shape or lace-shape. 
That is, a metal sheet of desired shapes can be manu- 
factured according to the shape of a pore of the subli- 
mable fine fragment, the porous sheet. 



It is preferable that the metal sheet has pore- 
unformed lead portions spaced at predetermined inter- 
vals. 

Further there is provided a substrate for a battery 
5 electrode comprising a metal sheet at above men- 
tioned. 

Further, according to the present invention, there is 
provided an electrode for a battery in which an active 
substance is charged into pores of the substrate for the 

10 battery electrode, and an active substance layer is 
formed on at least one surface of the substrate of the 
battery electrode. 

As the active substance, the following substances 
can be used: metals such as zinc, lead, iron, cadmium, 

15 aluminum, lithium, and the like; metal hydroxides such 
as nickel hydroxide, zinc hydroxide, aluminum hydrox- 
ide, iron hydroxide, and the like; complex oxides such as 
lithium dimanganese tetraoxide, lithium cobalt dioxide, 
lithium nickel dioxide, lithium divanadium tetraoxide and 

20 the like; metal oxides such as manganese dioxide, lead 
dioxide, and the like; electrically conductive polymers 
such as polyaniline, polyacethylene,and the like; hydro- 
gen-storing alloy; carbon; and other substances. The 
kind is not limited. 

25 Conventionally, when the active substance is 
charged into a substrate for a battery electrode, an elec- 
trically conductive material such as carbon powders and 
binder are added to the active substance. But according 
to the present invention, the active substance is used 

30 without adding the binder thereto. 

In the case of the negative electrode of a nickel 
hydrogen battery, powders containing hydrogen-storing 
alloy as the main component are used as the active sub- 
stance. In this case, the binder may be or may not be 

35 added to the active substance. The active substance 
containing hydrogen-storing alloy powders as the main 
component consists of hydrogen-storing alloy powders 
or a mixture of the hydrogen-storing alloy powders and 
a transition metal. 

40 The metal sheet of the present invention has a 
large number of pores. Thus an active substance such 
as the hydrogen-storing alloy powders can be filled into 
the pores without binding it with binder and reliably held 
without dropping it from the metal sheet. The electricity- 

45 collecting performance of an electrode can be outstand- 
ingly enhanced by not adding the binder to the hydro- 
gen-storing alloy. In particular, when the burr-provided 
pore is formed by piercing the metal sheet with pins, the 
hydrogen-storing alloy can be held by the burr on both 

so sides of the metal sheet. Thus, an electrode holding the 
hydrogen-storing alloy at a high strength can be pro- 
vided. 

A surface of the active substance layer is covered 
partly or entirely with a transition metal. For example, in 
55 the case of the an electrode of hydrogen-storing alloy 
which is used for a nickel hydrogen battery, the surface 
of the hydrogen-storing alloy layer is covered with tran- 
sition metals such as nickel powder and/or copper pow- 
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der. An active substance layer, for example, powder of a 
hydrogen-storing alloy layer can be held at a higher 
strength by coating the surface of the hydrogen-storing 
alloy layer with the transition metals. 

It is preferable that on a metal sheet successively s 
formed by the method at above mentioned, the metal 
sheet is successively fed downstream or after being 
wound as a coil the metal sheet Is successively fed by 
uncoiling; then, an active substance is supplied succes- 
sively to the metal sheet; then, it is pressurized to fill the 10 
active substance into pores of the metal sheet; and a 
layer of the active substance is formed on at least one 
surface of the metal sheet in a required thickness. That 
is, an electrode for a battery can be manufactured with 
high efficiency by supplying powder of the active sub- is 
stance at a required pressure after the process of form- 
ing metal powders into the metal sheet which 
constitutes an electrode substrate. 

Further, according to the present invention, there is 
provided a battery comprising an electrode for a battery 20 
at above mentioned. As the battery, a nickel hydrogen 
battery, a nickel cadmium battery, a lithium primary bat- 
tery, a lithium secondary battery, an alkaline dry cell, a 
fuel cell, and a battery for vehicles are exemplified. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing an apparatus for 
carrying out the method of a first embodiment of the 
present invention ; 30 
Fig. 2 is a schematic enlarged view showing a state 
of spread metal powders; 

Fig. 3 is a schematic view showing an apparatus of 

a first modification of the first embodiment; 

Fig. 4 is a schematic view showing an apparatus of 35 

a second modification of the first embodiment; 

Fig. 5 is a schematic view showing an apparatus of 

a third modification of the first embodiment; 

Fig. 6 is a schematic view showing an apparatus of 

a fourth modification of the first embodiment; 40 

Fig. 7 is a schematic view showing an apparatus for 

carrying out the method of a second embodiment of 

the present invention; 

Fig. 8 is a schematic view showing an apparatus of 
a first modification of the second embodiment; 45 
Fig. 9 is a schematic view showing an apparatus for 
carrying out the method of a third embodiment of 
the present invention; 

Fig. 10 is a plan view showing a metal sheet which 
is manufactured by the method of the third embodi- so 
ment; 

Figs. 1 1 (A) through 1 1 (D) are plan views each 
showing a supporting sheet which is used in the 
third embodiment; 

Figs. 12 (A) and 12 (B) are schematic views each 55 
showing an apparatus for carrying out the method 
of a fourth embodiment of the present invention; 
Fig. 13 is a schematic sectional view showing a 



metal sheet which is manufactured by the method 
of the fourth embodiment; 
Figs. 14 (A), 14 (B), and 14 (C) are schematic sec- 
tional views each showing a through-hole-forming 
process of a modification of the fourth embodiment; 
Fig. 15 is a schematic view showing an apparatus 
for carrying out the method of a fifth embodiment of 
the present invention; 

Figs. 16 (A) and 16 (B) are schematic sectional 
views each showing a modification of a rolling 
roller; 

Figs. 17 (A) and 17 (B) are schematic sectional 
views each showing another modification of a roll- 
ing roller; 

Fig. 18 is a schematic view showing an apparatus 
of a modification of the fifth embodiment; 
Fig. 19 is a schematic view showing an apparatus 
of sixth embodiment; 

Fig. 20 is a schematic view showing an apparatus 
of a seventh embodiment of the present invention; 
Fig. 21 is an enlarged sectional view of electrode 
manufactured by a method of the seventh embodi- 
ment; 

Fig. 22 is a schematic view showing an apparatus 
of an eighth embodiment of the present invention; 
Fig. 23 is an enlarged sectional view of electrode 
manufactured by a method of the eighth embodi- 
ment; and 

Fig. 24 is an enlarged sectional view of electrode 
manufactured by a modified method of the eighth 
embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The embodiments of the present invention will be 
described below in detail with reference to drawings. 

First Embodiment 

Fig. 1 shows the first embodiment. A circulating 
driving device 1 of belt conveyer type comprises an end- 
less feeding belt 2; a storing hopper 3, for storing metal 
powders P, positioned over the feeding belt 2 and at the 
upstream side thereof; the rolling rollers 15 positioned 
at the intermediate region to pass the feeding belt 2 
between an upper roller 15A and a lower roller 15B of 
the rolling rollers 15; and a sintering oven 4 and a cool- 
ing oven 5 both positioned at the downstream side 
thereof to pass the feeding belt 2 therethrough. 

The feeding belt 2 is SUS (310S) which is flexible. 
An unshown metering controller is installed on a dis- 
charge opening 3a positioned at the lower end of the 
storing hopper 3 so that the metal powders P can be 
spread on the upper surface of the feeding belt 2 at a 
required density and thickness. The metal powders P 
have diameters in the range of 0.1 *im - 100^m and are 
preferably, spherical, flake-shaped or spike-shaped. 
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As described above, because the metal powders P 
spread on the feeding belt 2 are in an uncompressed 
state, as shown in Fig. 2, entire surfaces of adjacent 
metal powders are not in contact with each other, but 
partly in contact with each other. More specifically, they 
are in a dot contact state or in a line contact state, thus 
forming a pore C (gap) between the adjacent metal 
powders P. 

In this construction, the metal powders P are inte- 
grated with each other and become sheet-shaped by 
rolling them while they are passing between a pair of the 
upper roller 15A and the lower roller 15B of the rolling 
rollers 15, together with the feeding belt 2. At this time, 
the contact area of the adjacent metal powders P is con- 
trolled and the size of the gap between the adjacent 
metal powders P is adjusted by adjusting the strength of 
pressure. That is, when the metal powders P are rolled 
at a high strength of pressure, a resulting metal sheet 
becomes solid, whereas when the metal powders P are 
rolled at a low strength of pressure, a resulting metal 
sheet has comparatively many fine pores. The thick- 
ness of the resulting metal sheet is adjusted to a 
required one by adjusting the strength of pressure. 

By passing the metal powders P between the upper 
roller 15A and the lower roller 15B of the rolling rollers 
1 5, they are formed as a metal sheet shape on the feed- 
ing belt 2, and then, a material shaped into a metal 
sheet is passed through the sintering oven 4 to sinter it 
by heating it at a required temperature. As a result, con- 
nected portions of the adjacent metal powders P are 
fused together to form a metal sheet 1 0. When pores C 
consisting of gaps between the adjacent metal powders 
P are still present in rolling the metal powders P, the 
pores C are present between the metal powders P inte- 
grated with each other by the sintering to form the metal 
sheet 10 continuously having a fine porous structure. 
That is, after the porous metal sheet 10 is obtained by 
sintering the metal sheet in the sintering oven 4, the 
porous metal sheet 10 is cooled in the cooling oven 5 at 
a required temperature. 

After the metal sheet 10 is discharged from the 
cooling oven 5, the metal sheet 1 0 is separated from the 
surface of the feeding belt 2 and then, tempered by 
passing it between a pair of skin pass rollers 13. Then, 
the metal sheet 10 is wound as a coil 14. 

Experiment 1 

Using the apparatus shown in Fig. 1, the metal 
sheet 10 was manufactured. That is, electrolytic copper 
powders whose average diameter was 15pim - 60\im 
were spread on the feeding belt 2 from the hopper 3. 
The copper powders were rolled at a compressive load 
of four tons to form them into a metal sheet shape. 
Then, a material shaped into a metal sheet was sintered 
in a non-oxidizing atmosphere in the sintering oven 4 at 
950° C for 30 seconds. The metal sheet was then 
cooled in the cooling oven 5 to 50° C. When the result- 



ing metal sheet 10 was discharged from the cooling 
oven 5, it was separated from the feeding belt 2. While 
the metal sheet 10 was being passed between a pair of 
the skin pass rollers 13, a load of six tons was applied 

5 thereto. The obtained copper sheet 10 was 14^m in 
thickness; 7.7% in open area ratio; 115g/m 2 in weight 
per area; 1 .98kgf/20mm in tensile strength. 

Fig. 3 shows a first modification of the first embodi- 
ment. Metal powders P spread on the feeding belt 2 are 

10 rolled by the rolling rollers 15 to form them into a metal 
sheet shape. A material shaped into a metal sheet is 
separated from the feeding belt 2. Thereafter, only the 
material shaped into a metal sheet is passed through 
the sintering oven 4 and the cooling oven 5. That is, 

15 after the metal powders P are rolled by the rolling rollers 
15 to form them into the metal sheet, the metal sheet 
can be fed by pulling it without supporting it by means of 
the feeding belt 2. Thus, it is unnecessary to pass the 
metal sheet through the sintering oven 4 and the cooling 

20 oven 5 with supporting it by means of the feeding belt 2. 
Fig. 4 shows a second modification of the first 
embodiment. One roller 16 of the rolling rollers 15' is 
used as a driving roller for circulating the feeding belt 2. 
The other roller 15A* of the rolling rollers 15* confronts 

25 the driving roller 16. In this modification, metal powders 
P spread on the upper surface of the feeding belt 2 from 
the hopper 3 is fed between the roller 16 of the rolling 
rollers 15' and the roller 15A' thereof to roll them at a 
required pressure to form the metal powders P into a 

30 metal sheet shape. A material shaped into a metal 
sheet is moved downward from the rolling rollers 15'. A 
feeding belt 2' of a circulating driving device 1 ' is located 
horizontally below the rolling rollers 15'. The sintering 
oven 4 and the cooling oven 5 are positioned at the 

35 downstream side of the circulating driving device V to 
pass the feeding belt 2' therethrough. 

In this construction, the material shaped into a 
metal sheet fed downward from the rolling rollers 15' is 
fed into the sintering oven 4 with the feeding belt 2' to 

40 sinter it. Then, the resulting metal sheet 10 is cooled in 
the cooling oven 5. Then, it is separated from the feed- 
ing belt 2' and is passed between a pair of the skin pass 
rollers 13. As the last process, it is wound as a coil 14. 
Fig. 5 shows a third modification of the first embod- 

45 iment of the present invention. In the third modification, 
in the region downstream of the feeding belt 2 of the cir- 
culating driving device 1 , second rolling rollers 6. a sec- 
ond sintering oven 7, and a second cooling oven 8 are 
arranged along the feeding path of the metal sheet 10. 

so In the region downstream from the second cooling oven 
8, third rolling rollers 9, a third sintering oven 1 1 , and a 
third cooling oven 12 are arranged. A pair of the skin 
pass rollers 13 is installed downstream from the third 
cooling oven 12. The resulting metal sheet 10 has a 

55 high strength owing to a rolling, a sintering, and a cool- 
ing that are repeated at a plurality of times. When a 
great pressure is applied to the metal sheet 1 0 at a time 
when it is rolled, it may be damaged, cut or meandered. 



8 



15 



EP0 867 248 A1 



16 



Thus, it is preferable to* roll the metal sheet 10 at a plu- 
rality of times as shown in a fourth modification. How- 
ever, even in the rolling of the metal sheet 10 at a 
plurality of times, in order to manufacture the metal 
sheet 10 as a porous sheet, the strength of pressure is 5 
adjusted to keep the fine pores left between the adja- 
cent metal powders P. 

Fig. 6 shows the fourth modification of the first 
embodiment. The long circulation driving device 1 of 
belt conveyor type is provided. Metal powders P are 10 
spread on the feeding belt 2 from the first hopper 3A. 
After they are rolled by first rolling rollers 15, they are 
passed through a first sintering oven 4A and a first cool- 
ing oven 5A to form a metal sheet. Then, the metal pow- 
ders P are spread on the metal sheet from a second is 
hopper 3B, and the metal sheet is then passed through 
second rolling rollers 150 and a second sintering oven 
4B, with the metal powders P placed on the metal sheet. 
The resulting metal sheet 10 is cooled in a second cool- 
ing oven 5B. The metal sheet 10 having a large thick- 20 
ness can be obtained by repeating the spreading, 
rolling, sintering, and cooling of the metal powders P at 
a plurality of times. 

As described above, after repeating the spreading, 
rolling, sintering, and cooling of the metal powders P at 25 
a plurality of times on the feeding belt 2, the resulting 
metal sheet is separated from the feeding belt 2 and 
passed between the rolling rollers 6, similarly to the first 
embodiment, and then, the resulting metal sheet is sin- 
tered again in the second sintering oven 7 and cooled 30 
again in the second cooling oven 8 to increase the 
strength thereof. After that, the metal sheet 10 is passed 
through the skin pass rollers 13 and wound as a coil 14. 

Second Embodiment 35 

Fig. 7 shows the second embodiment. In the sec- 
ond embodiment, the metal powders P are not spread 
on the feeding belt 2 of the circulating driving device 1 
directly, but a supporting sheet 20 made of organic resin 40 
is used. That is, the supporting sheet 20 is continuously 
unwound from a coil 21 and fed to the upper surface of 
the feeding belt 2 of the circulating driving device 1 
downstream by the guidance of a guide roller 22. In the 
region upstream from the circulating driving device 1 , 45 
the metal powders P are spread on the supporting 
sheet 20 from the hopper 3. 

The supporting sheet 20 on which the metal pow- 
ders P are spread is rolled by rolling rollers 15 consist- 
ing of upper and lower rollers sandwiching the so 
supporting sheet 20 therebetween. After that, with 
transferred on the feeding belt 2, the supporting sheet 
20 is sequentially passed through a resinous material- 
removing oven 23, a sintering oven 4, and a cooling 
oven 5. The metal powders P are rolled by the rolling ss 
rollers 15 at a required pressure, with fine pores left 
between the adjacent metal powders P. Then, the sup- 
porting sheet 20 is burnt off in the resinous material- 



removing oven 23. Then the metal powders P are sin- 
tered in the sintering oven 4 to form the metal sheet 10. 
Then, the metal sheet 10 is cooled in the cooling oven 
5. When the metal sheet 10 is discharged from the cool- 
ing oven 5, it is separated from the feeding belt 2 and 
passed between a pair of the skin pass rollers 13. 
Finally, it is wound as a coil 14. 

Fig. 8 shows a first modification of the second 
embodiment. In the first modification, an inorganic sup- 
porting sheet 20' which is not removed when it is heated 
in the sintering oven is used as the supporting sheet. In 
using the inorganic supporting sheet 20', the metal 
sheet 10 is separated from the supporting sheet 20' 
when the supporting sheet 20' is separated from a feed- 
ing belt 2 of a circulating driving device 1 to feed only 
the metal sheet 10 to the roiling rollers 6, the second 
sintering oven 7, and the second cooling oven 8, and a 
pair of the skin pass rollers 13. The obtained metal 
sheet 10 is wound as a coil 14. 

In using the inorganic supporting sheet 20* which is 
not removed when it is heated, it is possible that after 
the metal sheet 10 is formed of metal powders, it is not 
separated from the supporting sheet, but fed continu- 
ously, together with the supporting sheet to wind them 
as the coil 14. In this case, by using a thin solid metal 
sheet as the supporting sheet, it is possible to obtain a 
metal sheet consisting of the solid metal sheet and the 
porous metal sheet laminated thereon. 

In the first modification shown in Fig. 8, the solid 
metal sheet is used as the supporting sheet 20', but 
instead, it is possible to use a metal sheet with holes 
such as a punching metal and the like, a three-dimen- 
sional reticulate porous metal sheet, a porous fibrous 
metal sheet or the porous metal sheet formed by the 
apparatus shown in Fig. 1 to obtain a porous metal 
sheet consisting of any one of the above porous metal 
sheets and the porous metal sheet laminated thereon. 

Third Embodiment 

Fig. 9 shows the third embodiment. The third 
embodiment is different from the second embodiment in 
that a supporting sheet 30 which has holes formed ther- 
eon and can be burnt off is used in the third embodi- 
ment. The process of manufacturing the porous metal 
sheet of the third embodiment is similar to that of the 
second embodiment. Thus, the parts of the apparatus 
of the third embodiment are denoted by the same refer- 
ence numerals as those of the apparatus of the second 
embodiment. 

That is, as shown in Fig. 1 1 (A), a resinous sheet is 
used as the supporting sheet 30. Circular punched 
holes 30a are formed on the resinous sheet 30 at regu- 
lar intervals lengthwise and widthwise. Therefore, when 
the metal powders P are spread on the supporting 
sheet 30 from the hopper 3, the metal powders P drop 
through the circular holes 30a, thus accumulating on the 
upper surface of the supporting sheet 30, with holes 
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present at required pitches on the upper surface 
thereof. 

The metal powders P which have dropped through 
the circular holes 30a are stored in a metal powder 
receiver 31 installed in confrontation with the hopper 3 
to recycle them. 

As described above, the metal powders P spread 
over the supporting sheet 30 having the holes 30a 
formed thereon are rolled by the rolling rollers 15 at a 
required pressure. Then, a metal sheet consisting of the 
metal powders P is fed downstream, with the metal 
sheet placed on a feeding belt 2 of a circulating driving 
device 1 to pass it through a resinous material-removing 
oven 23, together with the supporting sheet 30 to 
remove the supporting sheet 30 at a required tempera- 
ture by heating it. Then, the metal sheet is fed into the 
sintering oven 4 to sinter it by heating it at a required 
temperature. 

Similarly to the second embodiment, after the metal 
sheet is passed through the sintering oven 4 and the 
cooling oven 5, it is separated from the feeding belt 2. 
After that, the metal sheet is passed between a pair of 
the skin pass rollers 13 and then wound as a coil 14. 

Similarly to the first and second embodiments, in 
the third embodiment, in the portion of a metal sheet 10' 
corresponding to the circular holes (30a)-unfbrmed por- 
tion of the supporting sheet 30, contact surfaces of the 
spread metal powders P are integrated with each other 
to form a fine porous structure by rolling them by the 
rolling rollers 15 at a controlled strength of pressure, 
whereas in the portion thereof corresponding to the cir- 
cular hole (30a)-formed portion of the supporting sheet 
30, pores consisting of comparatively large through- 
holes are formed. That is, as shown in Fig. 10, it is pos- 
sible to continuously manufacture the porous metal 
sheet 10' having two kinds of pores, namely, fine pores 
C1 consisting of gaps present between the adjacent 
metal powders P and pores C2 consisting of large 
through-holes corresponding to the circular holes 30a. 

In the third embodiment, because the supporting 
sheet having circular holes shown in Fig. 1 1 (A) formed 
thereon is used, the pores C2 consisting of large 
through-holes formed on the porous metal sheet 10' are 
circular. Besides it is possible to use the supporting 
sheet 30 having rectangular holes formed thereon as 
shown in Fig. 1 1 (B); the supporting sheet 30 having 
polygonal holes formed thereon as shown in Fig. 1 1 (C); 
or the supporting sheet 30 having rhombic holes formed 
thereon as shown in Fig. 1 1 (D). In these cases, it is 
possible to obtain a porous metal sheet having the 
pores C2 consisting of large through-holes rectangular, 
polygonal or rhombic formed thereon. 

Fourth Embodiment 

In the fourth embodiment shown in Figs. 1 2 and 13, 
sublimable fine fragments are mixed with metal pow- 
ders P. When an apparatus similar to that of the first 



embodiment is used, the mixture is spread on a feeding 
belt 2 of a circulating driving device 1 of belt conveyor 
type, then, passed between rolling rollers 15 to roll it at 
a required strength of pressure, and thereafter passed 
s through the resinous material-removing oven to burn off 
the sublimable fine fragments 50 to form comparatively 
large pores. 

As the sublimable fine fragments, for example res- 
inous spherical fragments (so-called bead-shape frag- 

10 ments), resinous cubic fragments, resinous rectangular 
fragments or resinous ultra-fine particles and the like 
which are burnt off by heating can be used. 

More specifically, as shown in Fig. 12 (A), in the 
fourth embodiment, a hopper 3 storing metal powders P 

is and a hopper 51 storing sublimable fine fragments 50 
are installed above a mixing hopper 52. Similarly to the 
hopper 3 of the first embodiment, the mixing hopper 52 
is located above the feeding belt 2 of the circulating driv- 
ing device 1 . An agitator 53 for mixing the metal pow- 

20 ders P and particles of the sublimable fine fragments 50 
with each other substantially uniformly is provided 
inside the mixing hopper 52. 

The metal powders P and the particles of the subli- 
mable fine fragments 50 are mixed with each other. 

25 After the mixture is spread on the upper surface of the 
feeding belt 2 of the circulating driving device 1 , the mix- 
ture is passed between rolling rollers 15 to roll it at a 
required strength of pressure. Then, the mixture is 
passed through a resinous material-removing oven 23 

30 and a sintering oven 4, with the feeding belt 2 to heat it. 
As a result, the particles of the sublimable fine frag- 
ments 50 sublimate. Consequently, as shown in Fig. 13, 
the portions of a resulting porous metal sheet in which 
the particles of the sublimable fine fragments 50 have 

35 been present are formed as pores C3. That is, a result- 
ing metal sheet 10" has fine pores C1 and the compar- 
atively large pores C3 formed in the portion where the 
particles of the sublimable fine fragments 50 have been 
present. The pores C3 consist of not only through- 

40 holes, but also pores present randomly in the thickness 
direction of the metal sheet 10". 

The pores C3 having various sizes can be formed 
by changing the size of the particles of the sublimable 
fine fragments 50. Further, the pores C3 having various 

45 sizes and shapes can be easily formed by mixing the 
particles of the sublimable fine fragments 50 having dif- 
ferent sizes and shapes with the metal powders P. 

It is preferable to cool the metal sheet after the par- 
ticles of the sublimable fine fragments 50 are burnt off 

so and the metal powders P are sintered and then, roll, sin- 
ter, and cool it repeatedly, similarly to the first through 
third embodiments. 

As shown in Fig. 12 (B), the hopper 51 storing the 
sublimable fine fragments 50 may be installed above the 

55 feeding belt 2 and at the upstream side of the feeding 
belt 2, and the hopper 3 storing the metal powders P 
may be installed above the feeding belt 2 and down- 
stream from the hopper 51 so that after the particles of 
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the sublimable fine fragments 50 are spread on the 
feeding belt 2, the metal powders P are spread thereon. 
In this construction, the metal powders P are spread in 
gaps between adjacent particles of the sublimable fine 
fragments 50. Thus, the metal powders P and the parti- 5 
cles of the sublimable fine fragments 50 are mixed with 
each other, similarly to the above-described embodi- 
ment shown in Fig. 12 (A). 

When blowing agent which is decomposed to gen- 
erate gas is used as the sublimable fine fragments 50, 
through-holes are formed by the generated gas. That is, 
as shown in Fig. 14 (A), by mixing the sublimable fine 
fragments 50 consisting of comparatively large particles 
with the metal powders P, gas is generated when the 
mixture is heated, as shown in Fig. 14 (B). As a result, 
through-holes C4, namely, pores penetrating a resulting 
porous metal sheet vertically are formed in the portion 
where the sublimable fine fragments 50 have been 
present, as shown in Fig. 14 (C). In this case, a resulting 
porous metal sheet has pores consisting of compara- 
tively large through-holes and fine pores. 

Fifth Embodiment 

In Fig. 15 showing the fifth embodiment of the 
present invention, metal powders P are directly spread 
on rolling rollers 150 consisting of upper and lower roll- 
ers 150A and 150B from a hopper 3, and rolled at a 
required strength of pressure in a minimum gap X 
between the upper and lower rollers 150 A and 150B by 
the rotation thereof to form fine gaps between adjacent 
metal powders P, similarly to the first through fourth 
embodiments. The fine gaps are formed as pores of a 
resulting porous metal sheet. 

That is, in the fifth embodiment, the rolling rollers 
150 consisting of upper and lower rollers 150 A and 
150B is positioned in such a manner that they do not 
sandwich the feeding belt 2 therebetween but they are 
positioned above the circulating driving device 1 ; the 
hopper 3 is positioned above the rolling rollers 150; and 
the metal powders P are continuously spread on the 
upper surface of the roller 150A from the hopper 3. 

The circulating driving device 1 is positioned below 
the rolling rollers 150. The metal sheet 10' fed down- 
ward from the rolling rollers 1 50 is placed on the feeding 
belt 2 of the circulating driving device 1 to pass it 
through the sintering oven 4 and the cooling oven 5, 
together with the feeding belt 2. Then, the metal sheet 
1 0' is separated from the feeding belt 2 and then passed 
between a pair of skin pass rollers 13. Thereafter, the 
metal sheet 10' is wound as a coil 14. 

As apparent from the above description, the 
spreading of the metal powders P directly on the sur- 
face of the rolling roller 150 allows them to be rolled by 
the rollers 150A and 150B of the rolling roller 150 and 
fed from the rolling roller 150 in the form of the metal 
sheet 10\ Thus, the metal sheet 10' can be fed without 
the feeding belt or the supporting sheet. 



In the fifth embodiment shown in Fig. 15, the rollers 
150 A and 150B whose surfaces are flat are used, but a 
construction described below may be adopted: The sur- 
face of the rollers 150A and/or 150B are stepped at a 
position between the center and both ends thereof in its 
axial direction so that the metal powders P spread on 
the roller 150A are collected in a stepped center region 
and pressed at a required pressure by the rollers 150 A 
and 150B, as shown in Figs. 16 (A), 16 (B), 17 (A), and 
17(B). 

More specifically, in the rolling roller 150 shown in 
Fig. 16 (A), a concave 150a is formed in the center of 
the roller 150 A in its axial direction, whereas the surface 
of the roller 150B is flat. In this construction, the metal 
powders P are collected in the concave 150a of the 
roller 150A; and the metal powders P spread on a con- 
vex 150b formed at both sides of the roller 150 A are 
removed from the surface of the roller 1 50 A by sucking. 
The metal powders P stored in the concave 150a are 
rolled by the flat roller 1 50B at a required pressure in the 
region in which they contact the flat roller 150B. In the 
construction, a strength of pressure by the rolling rollers 
150 can be easily controlled by controlling the depth of 
the concave 150a and the spread amount of the metal 
powders P, and further, it is easy to control the width of 
the metal sheet which can be formed by rolling the 
metal powders P. 

In the rolling rollers 150 shown in Fig. 16 (B), the 
concave 150a is formed in the center of the rolling roller 
150 A in its axial direction, and a convex 150c which is 
inserted into the concave 1 50a is formed in the center of 
the rolling roller 150B in its axial direction. In this con- 
struction, the metal powders P collected in the concave 
150a are rolled by the convex 150c of the rolling roller 
150B, with the convex 150c fitted in the concave 150a. 
Similarly to the construction shown in Fig. 16 (A), the 
metal powders P can be rolled at a desired strength of 
pressure by setting the condition of the contact between 
the concave 150a and the convex 150c as desired, and 
further, it is easy to control the width of the metal sheet 
which can be formed by rolling the metal powders P. 

In the rolling rollers 150 shown in Fig. 17 (A), a con- 
vex 150d is formed in the center of the surface of the 
rolling roller 150A in its axial direction, and the rolling 
roller 150B is flat. In this construction, metal powders P 
spread on the surface of the convex I50d are rolled by 
the flat roller 150B. In this construction, when the metal 
powders P are spread on the surface of the rolling roller 
1 50 A, the metal powders P on the surface of the convex 
150d can be roiled without removing the metal powders 
P dropped to a step portion 150e positioned below the 
convex 150d and at both sides thereof by sucking. 

In the rolling rollers 150 shown in Fig. 17 (B), metal 
powders P spread on the surface of a convex 150d 
formed in the center of the rolling roller 150A in its axial 
direction are rolled, with a convex 150d fitted in a con- 
cave 150f formed in the center of the rolling roller 150B 
in its axial direction. 
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Modification of Fifth Embodiment 

In a modification of fifth embodiment shown in Fig. 
18, after a mixture of metal powders P and sublimable 
fine fragments 50 put into a hopper 52 is agitated by an 
agitator 53, the mixture is spread on a rolling roller 150 
directly from the hopper 52. Then, the rolling roller 150 
rolls the mixture, thus forming it into a sheet. The metal 
sheet fed downward from the rolling roller 150 is fed to a 
feeding belt 2 of the circulating driving device 1 posi- 
tioned below the rolling roller 1 50. Then, the metal sheet 
is passed through a resinous material-removing oven 
23, together with the feeding belt 2 to burn off the subli- 
mable fine fragments 50 to form comparatively large 
three-dimensional pores. After the metal sheet is 
passed through a sintering oven 4 and a cooling oven 5, 
it is separated from the feeding belt 2. Then, the metal 
sheet is passed between a pair of skin pass rollers 13 
and wound as a coil 1 4. 

Experiment 2 

80 parts by weight of copper powders (average 
diameter: 15^m - 60jim) obtained by electrolysis and 20 
parts by weight of sublimable fine fragments (particle 
diameter: 15nm - 20jim) were mixed with each other. 
The mixture was spread on the surface of the rolling 
roller 1 50 to roll it at a load of eight tons so as to form the 
mixture into a copper sheet. The copper sheet was fed 
to the feeding belt 2 and then heated at 500° C in an 
atmospheric environment in the resinous material- 
removing oven 23 to burn off the sublimable fine frag- 
ments. Then, the copper sheet was sintered in the sin- 
tering oven 4 at 950 ° C for thirty seconds in a non- 
oxidizing atmosphere. Then, the copper sheet was 
cooled in the cooling oven 5, and then separated from 
the feeding belt 2. Then, it was passed between a pair 
of the skin pass rollers 13 to temper it at a load of eight 
tons and wound as a coil. The obtained copper sheet 
was 17nm in thickness; 24.1% in open area ratio; 
HSg/m 2 in weight per area; and 1.67kgf/20mm in ten- 
sile strength. 

Sixth Embodiment 

Fig. 19 shows the sixth embodiment. In the sixth 
embodiment, before a metal sheet 10 manufactured in 
previous processes is passed between a pair of skin 
pass rollers 13, it is passed between lead portion-form- 
ing rollers 70A and 70B. A convex 71 is formed on the 
rollers 70A and 70B at both ends and the center thereof 
in the lengthwise (axial) direction thereof such that the 
convex 71 of the roller 70A and that of the roller 70B are 
radially spaced at a predetermined interval and coinci- 
dent with each other in the lengthwise (axial) direction 
thereof. Thus, when the metal sheet 10 is passed 
between the rollers 70A and 70B, fine pores of the metal 
sheet 10 are crushed by the pressing force of the upper 



and lower convex 71 . As a result, the crushed portion of 
the metal sheet 10 becomes solid. The solid portion of 
the metal sheet 10 is used as a lead portion 72. When 
the metal sheet 10 is used as an electrode substrate of 

5 a battery, the lead portion 72 performs an electric cur- 
rent collecting function. 

The method of manufacturing the porous metal 
sheet of the present invention is not limited to the 
embodiments, but it is possible to use the manufactured 

10 metal sheet as a supporting sheet so that metal pow- 
ders are spread on the supporting sheet and the porous 
metal sheet is repeatedly used until the porous metal 
sheet has a desired thickness and strength. 

Further, a solid metal sheet, namely, a metal sheet 

is having no pores formed thereon may be formed by roll- 
ing the metal powders P at a high strength of pressure. 

Figs. 20 and 21 show a seventh embodiment. In the 
seventh embodiment, a metal sheet 10 formed by the 
method of the first embodiment shown in Fig. 1 is 

20 wound as a coil 1 4; the metal sheet 1 0 is unwound from 
the coil 14 and fed successively to pass between pin- 
provided rollers 100A and 100B; pores with burrs 110 
are formed on the metal sheet 10 by pins 101 at both 
sides thereof; and an active substance , for example 

25 containing hydrogen-storing alloy as its main compo- 
nent, is supplied to the metal sheet 10 while it is being 
fed successively to form an electrode. 

That is, as shown in Fig. 20, in a process similar to 
that of the first embodiment, the metal sheet 10 is tem- 

30 pered by passing between a par of skin pass rollers 1 3 
to prepare the metal sheet 10 and wound as the coil 14. 
The metal sheet 10 unwound from the coil 14 is succes- 
sively fed and guided vertically between the pins-pro- 
vided rollers 100Aand 100Bso that the pores with burrs 

35 110 are formed on the metal sheet 10 by the pins 101 at 
both sides thereof. Then, powders (for example, mixed 
powders of hydrogen-storing alloy powders and nickel 
powders) 82 of an active substance stored in a hopper 
81 positioned at both sides of the metal sheet 10 and 

40 above rollers 80A and 80B are supplied to both surfaces 
of the metal sheet 10 and between the rollers 80 A and 
80B. 

The mixed powder 82 are filled into the pores with 
burrs 1 10 of the metal sheet 10 by the pressing force of 

45 the rollers 80A and 80B and held on both surfaces of the 
metal sheet 10 by burrs 111 to form active substance 
layers (for example, hydrogen-storing alloy) 85A and 
85B having a required thickness. 

Then, the metal sheet 10 on which the active sub- 

so stance layers are formed is passed through a sintering 
oven 86 to sinter it at a non-oxidizing atmosphere. Then 
it is passed through a cooling oven 87 to cod it. Finally, 
it is tempered at a required load by passing it between a 
pair of skin pass rollers 88. An electrode 90(for exam- 

55 pie, hydrogen-storing alloy) thus formed is wound suc- 
cessively as a coil 91 . 
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Experiment 3 

A nickel sheet 10 formed by rolling metal powders 
by the skin pass roller 13 had a thickness of 25^m and 
a width of 100mm. Pores were formed on the metal 
sheet 10 with the pins 101 installed on the rollers 100A 
and 100B at intervals of 0.2mm to provide burrs having 
a height of 0.6mm. The diameter of the pins 101 was 
0.7mm. In the state in which the pores with burrs were 
formed by piercing the metal sheet 10 with the pins 101 , 
the open area ratio of the metal sheet 10 was 54.8% 
(plane). The mixed powders 82 which were supplied to 
the metal sheet 10 were spherical with a powder diam- 
eter of 60 - 80nm. The mixed powders 82 were 
formed by mixing 18 parts by weight of spherical hydro- 
gen-storing alloy powders of AB 5 type with two parts by 
weight of nickel powders having an average powder 
diameter of 2.5^m. The mixed powder 82 was so sup- 
plied to both surfaces of the metal sheet 10 that 
900g/m 2 (90g/m) was applied to each surface. Then, a 
load of five tons was applied to the metal sheet 10 by 
the rollers 80A and 80B of 0 150mm to roll it at a line 
speed 1 m/min. Then, the metal sheet 10 was sintered at 
950° C for two minutes in the sintering oven 86 having a 
non-oxidizing atmosphere. Finally, the metal sheet 10 
was tempered at a load of five tons by passing it 
between a pair of the skin pass rollers 88 to prepare the 
electrode 90 of the hydrogen-storing alloy having a 
thickness of 0.3mm. 

A binder was not added to the mixed powders of the 
hydrogen-storing alloy powders and the nickel powders 
which were supplied to the metal sheet 10. But pores 
with bun-s 110 were formed on the metal sheet at inter- 
vals of as small as 0.2mm and the burrs 1 1 1 having a 
height of 0.6mm projected at both sides of pores with 
burrs. Thus, the mixed powder was firmly held on the 
metal sheet 10. 

As described above, because the binder is not 
added to the mixed powder, the flow of electric current 
was not inhibited by the binder. Further, because nickel 
powders were added to the mixed powder instead of 
carbon which was conventionally used as an electrically 
conductive material, the electrode 90 had a high degree 
of electricity-collecting performance. 

Figs. 22 and 23 show an eighth embodiment. In the 
eighth embodiment, electrodes are successively formed 
by supplying an active substance prepared by mixing 
hydrogen-storing alloy powders and nickel powders with 
each other to a metal sheet 10' which has great pores 
C2 and fine pores C1 and which is formed by the 
method of the third embodiment shown in Fig. 9 

That is, as shown in Fig. 22, tempering is performed 
by passing metal powders between a pair of skin pass 
rollers 13 to form the metal sheet 10' and then it is suc- 
cessively fed and guided vertically to a hopper 81 posi- 
tioned above rollers 80A and 80B positioned at both 
sides of the metal sheet 10\ without winding it as a coil. 
Mixed powder 82 of hydrogen-storing alloy powders and 
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nickel powders stored in the hopper 81 are supplied to 
both sides of the metal sheet 10' and between the roll- 
ers 80A and 80B. The supplied mixed powders 82 are 
filled into the pores C1 and C2 by the pressing force of 

5 the rollers 80 A and 80 B and fixedly attached to both sur- 
faces of the metal sheet 10* to form layers 85A and 85B 
having a required thickness. Then, the metal sheet 10' 
is passed through a sintering oven 86 to sinter it in non- 
oxidizing atmosphere and passed through a cooling 

10 oven 87 to cool it. Finally, it is passed between a pair of 
a skin pass roller 88 to temper it at a required load. An 
electrode 90 (shown in Fig. 21) of the hydrogen-storing 
alloy thus formed is successively wound as a coil 91 . 

is Experiment4 

In a nickel metal sheet 10' formed by rolling metal 
powders by the skin pass roller 13, the diameter of the 
great pore C2 was 1 .8mm; open area ration was 47.0%; 

20 and thickness was 25^m. The mixed powders 82 which 
were supplied to the metal sheet 10' was prepared by 
mixing 18 parts by weight of 60pm - 80pm of the hydro- 
gen-storing alloy powders of AB2 type with two parts by 
weight of nickel powders having an average powder 

25 diameter of 2.5pm. The mixed powders 82 were sup- 
plied to both surfaces of the metal sheet 10' at 540g/m 2 
on each surface. Then, the metal sheet 10* was pressu- 
rized by the rollers 80A and 80B of 0 150mm at a load 
of five tons to roll it at a line speed of 1 m/min. Then, the 

30 metal sheet 10' was sintered in the sintering oven 86 
having non-oxidizing atmosphere at 950° C for two min- 
utes. Finally, the sintered metal sheet 10' was rolled by 
the skin pass rollers 88 at a load of five tons to form the 
electrode 90 of the hydrogen-storing alloy having a 

35 thickness of 0.18mm. 

In the electrode 90 of the hydrogen-storing alloy 
manufactured as described above, because binder is 
not added thereto, the flow of electric current is not 
inhibited. Further, because nickel powders are added 

40 thereto instead of carbon which is conventionally used 
as an electrically conductive material, the electrode 90 
has a high degree of electricity-collecting performance. 

A method of successively manufacturing electrodes 
such as an electrode of the hydrogen-storing alloy after 

45 manufacturing the metal sheet is not limited to the 
above-described method. That is, it is possible to suc- 
cessibley manufacture electrodes by uncoiling a metal 
sheet, similarly to the seventh embodiment after per- 
forming the method of the second, fourth, fifth, and sixth 

so embodiment, and then filling an active substance into 
pores thereof while it is being fed, or similarly to the 
eight embodiment, filling the active substance into 
pores of the metal sheet while it is being fed succes- 
sively, without coiling the metal sheet. Further, it is pos- 

55 sible to mix other transition metals, for example, copper 
powders with the hydrogen-storing alloy powders, 
instead of nickel powders. In addition, two and more 
transition metals, for example, nickel powders and cop- 
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per powders may be mixed with trie hydrogen-storing 
alloy powders. Further, only the hydrogen-storing alloy 
powders may be used singly. The shape of the transition 
metal is not limited to the shape of powders. 

For example, the sublimable fine fragments of the s 
fourth embodiment shown in Fig. 12 are mixed with 
mixed powders and supplied to a feeding belt. Then, the 
hydrogen-storing alloy powders are supplied to a metal 
sheet 10" having pores formed by burning off the subli- 
mable fine fragments. In this manner, an electrode of 10 
the hydrogen-storing alloy may be successively manu- 
factured. 

Experiment 5 

15 

The nickel metal sheet 10" having a thickness of 
25jxm and open area ratio of 35% was prepared by the 
method of the fourth embodiment shown in Fig. 12. 
Hydrogen-storing alloy powders similar to that of exper- 
iment 4 were supplied to both surfaces of the metal 20 
sheet 10". Then, it was pressurized at a load of five 
tons, and then sintered in a sintering oven having non- 
oxidizing atmosphere at 950° C for two minutes. Finally, 
the sintered metal sheet was tempered by a skin pass 
rollers to form an electrode of the hydrogen-storing alloy 25 
having a thickness of 0.18mm. 

In the electrode of the hydrogen-storing alloy thus 
prepared, because the metal sheet has pores formed by 
the sublimable fine fragments and fine pores between 
metal powders, the pores were filled with the hydrogen- 30 
storing alloy powders. Further, a thin layer of the hydro- 
gen-storing alloy powders was reliably fixed to both sur- 
faces of the metal sheet by the sintering the pressure 
application by means of the skin pass roller. 

It is possible that after the hydrogen-storing alloy 35 
powders are supplied to the metal sheet to fill the pores 
and both surfaces thereof with the hydrogen-storing 
alloy powders as described above, powders of a transi- 
tion metal such as nickel are supplied to the surface of 
the hydrogen-storing alloy layers 85A and 85B at both 40 
sides of the metal sheet to form a transition metal layer 
95 as shown in Fig. 24. The hydrogen-storing alloy pow- 
ders can be held at a high strength by providing the 
transition metal layer 95. 

The metal which is supplied to the surface of the 45 
hydrogen-storing alloy layers 85A and 85B is not limited 
to nickel powders, but powders of a transition metal 
such as copper or mixed powders of nickel powders and 
copper powders may be used. Further, the hydrogen- 
storing alloy layers may be formed on only one surface so 
of the porous metal sheet. 

Experiment 6 

While a porous copper sheet (thickness: 17^m, 55 
open area ratio: 24.1%) obtained in the experiment 2 
was being successively transported, a paste active sub- 
stance obtained by suspending a mixture of 100 parts 



by weight of mesophase graphite and five parts by 
weight of styrene butadiene rubber in an aqueous solu- 
tion of carboxymethylceilulose was applied to both sur- 
faces of the porous copper sheet and was then dried. 
Then, the porous copper sheet was rolled to form an 
electrode having a thickness of 0.2mm. 

As described in experiment 6, not only an electrode 
of the hydrogen-storing alloy but also an electrode 
which is used as the negative pole of a lithium battery 
can be manufactured by forming a porous metal sheet 
which is used as an electrode substrate and supplying 
the active substance thereto while it is being trans- 
ported successively after it is unwound or without wind- 
ing it as a coil. 

As apparent from the foregoing description, accord- 
ing to the present invention, metal powders are spread 
densely and directly on the feeding belt of the circulating 
driving device or the supporting sheet which is fed by 
the feeding belt, with the supporting sheet placed ther- 
eon. Then, the metal powders are rolled by rolling roll- 
ers at a required load and passed through a sintering 
oven to sinter the metal powders, with fine pores left 
between the metal powders adjacent to each other. 
Therefore, connected portions of the metal powders are 
fused together, and gaps between the metal powders 
adjacent to each other remain as fine pores. Therefore, 
a metal sheet having a large number of the fine pores 
can be continuously formed. It is possible to obtain a 
solid metal sheet, namely, a metal sheet having no 
pores formed thereon by setting the load of the rolling 
roller to a large one. 

When a pore-formed sheet is used as the support- 
ing sheet, portions corresponding to the pores are 
formed as through-holes. Thus, a porous metal sheet 
having fine pores formed between metal powders adja- 
cent to each other and relatively large through-holes 
can be continuously formed. 

Pores can be formed in portions where particles of 
sublimable fine fragments are burnt off by spreading a 
mixture of the sublimable fine fragments and metal pow- 
ders on a feeding belt or a supporting sheet; rolling the 
mixture by rolling rollers at a required pressure; and 
removing the sublimable fine fragments. Consequently, 
it is possible to form three-dimensional pores having a 
required size and corresponding to the size of particles 
of the sublimable fine fragments. Accordingly, it is possi- 
ble to continuously form a metal sheet having fine pores 
formed between metal powders adjacent to each other 
and comparatively large through-holes formed by the 
sublimation of particles of the sublimable fine frag- 
ments. Further, a porous metal sheet having pores of 
various sizes including through-holes can be continu- 
ously formed by using the pore-formed sheet. 

As described above, it is possible to form fine 
pores, through-holes, and three-dimensional pores or in 
combination thereof. Thus, it is possible to provide an 
electrode substrate comprising a preferable metal sheet 
corresponding to the kind of a battery. That is, the 
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porous metal sheet of the present invention can be pref- 
erably used as an electrode substrate of a nickel hydro- 
gen battery, a nickel cadmium battery, a lithium primary 
battery, a lithium secondary battery, an alkaline dry cell, 
a fuel cell; and an electrode plate, for example a battery 
for vehicles. 

Further, the metal powders spread on the surface of 
the rolling roller or a mixture of the metal powders and 
the sublimable fine fragments spread thereon can be 
rolled at a required pressure by the rotation thereof to 
obtain a metal sheet having required fine pores formed 
thereon. The sublimable fine fragments can be burnt off 
in a resinous material-removing oven to form pores in 
the portion where the sublimable fine fragments have 
been present. Accordingly, it is easy to manufacture a 
metal sheet having pores having a desired configuration 
and size. 

Further, a battery electrode such as an electrode of 
a hydrogen-storing alloy can be successively manufac- 
tured by supplying powder of an active substance such 
as the hydrogen-storing alloy powders to a metal sheet 
after it is successively formed of metal powders. That is, 
the present invention can enhance the productivity of an 
electrode outstandingly because the metal sheet and 
the electrode formed of the metal sheet composing the 
substrate thereof can be manufactured successively. 

further, in the battery electrode of the present 
invention, because a binder is not added to the active 
substance consisting of powders, the amount of the 
active substance can be increased by that much and 
electricity-collecting property can be improved. More 
specifically, the amount of the active substance can be 
increased by about 7% in correspondence to the 
amount of the binder which is conventionally added 
thereto. Furthermore, electricity-collecting property can 
be enhanced and the performance of the battery can be 
improved by 5% - 10% by adding transition metal such 
as nickel powders or copper powders to the active sub- 
stance, instead of carbon which is conventionally used 
as an electrically conductive material. 

Claims 

1. A method of manufacturing a metal sheet (10; 10") 
comprising the steps of: 

spreading metal powders (P) on a feeding belt 
(2) which is continuously fed; 
passing the feeding belt on which the metal 
powders have been spread through a pair of 
rolling rollers (15) for controlling an area of con- 
tact between the metal powders adjacent to 
each other by rolling the metal powders on the 
feeding belt at a required pressure; and 
passing the metal powders into a sintering 
oven (4) to fuse contact portions of the metal 
powders together after the rolling. 



2. A method of manufacturing a metal sheet (10; 10") 
comprising the steps of: 

feeding a supporting sheet (20; 20'; 30) contin- 
s uously; 

spreading metal powders (P) on the supporting 
sheet; 

feeding the supporting sheet on which the 
metal powders have been spread to a feeding 

10 belt (2); 

passing the supporting sheet between a pair of 
rolling rollers (15), together with the feeding 
belt for controlling an area of contact between 
the metal powders adjacent to each other by 

15 rolling the metal powders on the supporting 

sheet at a required pressure; and 
passing the metal powders into a sintering 
oven (4) to fuse contact portions of the metal 
powders together after the rolling. 

20 

3. The method according to claim 1 or 2, wherein a 
pressing force of the rolling roller is set to a small 
value to leave fine gaps (C) between adjacent metal 
powders rolled by the rolling roller, thereby obtain- 

25 ing a porous sheet with the fine gaps (C) as pores. 

4. The method according to any one of claims 1 
through 3, wherein sublimable fine fragments (50) 
which are burnt off by heating are mixed with the 

30 metal powders or spread on the feeding belt (2) or 
the supporting sheet (20) before the metal powders 
are spread thereon; a mixture of the metal powders 
and the sublimable fine powders spread on the 
feeding belt or the supporting sheet is rolled by the 

35 rolling roller (15); and after the rolling the sublima- 
ble fine fragments are burnt off in a resinous mate- 
rial-removing oven (23) so that the metal sheet 
(10") has pores (C3) which are formed in a portion 
where the sublimable fine fragments are burnt off. 

40 

5. The method according to any one of claims 1 
through 4, wherein the feeding belt (2) forms part of 
a circulating driving device (1) of belt conveyor type 
and comprises a solid metal sheet, an inorganic 

45 sheet which may be a porous metal sheet (1 0; 1 0"), 
or a laminated sheet composed of the solid metal 
sheet and the inorganic sheet. 

6- The method according to any one of claims 2 
so through 5, wherein the supporting sheet (20; 20'; 
30) comprises an organic sheet, e.g. a solid resin- 
ous sheet, a three-dimensional reticulate resinous 
sheet or a porous fibrous resinous sheet, an inor- 
ganic sheet, e.g. a solid metal sheet or a porous 
55 metal sheet, or a laminated sheet composed of a 
plurality of such sheets. 

7. The method according to any one of claims 2 
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through 6, wherein the supporting sheet (20) is 
burnt off in a resinous material-removing oven (23). 

8. The method according to any one of claims 5 
through 7, wherein when a porous sheet is used as s 
the feeding belt (2) or the supporting sheet (30), 
and the pores (30a) of the porous sheet are circular, 
rhombic, polygonal or elliptic. 

9. A method of manufacturing a metal sheet (10') 10 
comprising the steps of: 

spreading metal powders (P) on a surface of a 
pair of rolling rollers (150) rotating continu- 
ously; 15 
passing the metal powders between the roiling 
rollers for controlling an area of contact 
between the metal powders adjacent to each 
other by rolling the metal powders at a required 
pressure so as to form a metal sheet (1 0') ; and 20 
passing the metal sheet through a sintering 
oven (4) to sinter the metal sheet. 

10. The method according to claim 9, wherein a press- 
ing force of the pair of rolling rollers (1 50) is set to a 25 
small value to leave fine gaps (C) between adjacent 
metal powders rolled by the rolling rollers, thereby 
forming a porous sheet with the fine gaps as pores. 

11. The method according to claim 9 or 10, wherein 30 
sublimable fine fragments (50) and the metal pow- 
ders (P) are spread on the surface of the rolling roll- 
ers; a mixture of the metal powders and the 
sublimable fine fragments is rolled by the rolling roll- 
ers to form the mixture into a metal sheet; and the 35 
metal sheet is passed through a resinous material 
removing/metal powder-sintering oven (23; 4) to 
burn off the sublimable fine fragments , thereby 
forming pores in a portion where the sublimable fine 
fragments are burnt off. 40 

12. The method according to any one of claims 9 
through 1 1 , wherein a surface of at least one (1 50 A; 
150B) of the rolling rollers (150) on which the metal 
powders are spread is stepped at a position 45 
between a center and both edges thereof in its axial 
direction so that the metal powders are collected in 

a stepped center region (150a; 150c; 150d; 150f) 
thereof and pressed at a required pressure by the 
rolling rollers. so 

13. The method according to any one of claims 1 
through 12, wherein after a metal sheet (10; 10'; 
10") is passed through the sintering oven (4), the 
metal sheet is passed through a cooling oven (5). 55 

14. The method according to claim 13, wherein the roll- 
ing, the sintering, and the cooling are repeated a 



plurality of times. 

15. The method according to claim 13 or 14, wherein 
the cooled metal sheet is separated from the feed- 
ing belt (2) or the supporting sheet (207. 

16. The method according to any one of claims 1 
through 15, wherein metal powders are spread 
again on a surface of a metal sheet which is formed 
by the sintering, the metal powders are rolled, and 
then a resulting metal sheet is sintered. 

17. A method of manufacturing a metal sheet, wherein 
pins (101) are pierced into a metal sheet (10) man- 
ufactured by a method according to any one claims 
1 through 16 to form pores (10) with burrs (111). 

18. The method according to claim 17, wherein, while 
the metal sheet is being fed, it is passed between a 
pair of pin-provided rollers (100A, 100B) to form the 
pores with burrs. 

19. A metal sheet manufactured by a method according 
to any one of claims 1 through 18. 

20. The metal sheet according to claim 19, wherein a 
shape of the metal sheet having pores, formed by 
using the sublimable fine fragments (50) or/and a 
porous sheet as the feeding belt (2) and the sup- 
porting sheet (30) is punching shape, reticulate 
shape, honeycomb shape, lath-shape, lattice- 
shape, expanded sheet-shape, screen-shape or 
lace-shape. 

21. The metal sheet according to claim 19 or 20, 
wherein the metal sheet has lead portions (72) with 
less or no pores, the lead portions being spaced at 
predetermined intervals. 

22. A substrate for a battery electrode comprising the 
metal sheet according to any one of claims 19 
through 21. 

23. An electrode for a battery in which an active sub- 
stance (82) is charged into a pore of the substrate 
(10; 10 1 ) according to claim 22; and an active sub- 
stance layer (85A, 85B) is formed on at least one 
surface of the substrate. 

24. The electrode according to claim 23, wherein a 
binder is not added to the active substance (82). 

25. The electrode according to claim 23 or 24, wherein 
the active substance (82) contains hydrogen-stor- 
ing alloy powders as a main component thereof. 

26. The electrode according to claim 25. wherein the 
active substance (82) consists of hydrogen-storing 
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alloy powders or a* mixture "of the hydrogen-storing 
alloy powders and a transition metal. 

27. The electrode for a battery according to any one of 
claims 23 through 26, wherein a surface of the s 
active substance layer (85A, 85B) is covered partly 

or entirely with a transition metal. 

28. A battery comprising an electrode according to any 
one of claims 23 through 27. 10 
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